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ploration of literature reviewing research investi-
gating UR experiences. We propose classifying 
course-integrated UR experiences based on 
the levels of inquiry (Schwab, 1962). We then 
discuss these levels of inquiry and provide jus-
WLÀFDWLRQIRUXVLQJWKLVV\VWHPWRH[DPLQHDQG
FRPSDUH YDULRXV IRUPV RI FRXUVHLQWHJUDWHG
UR experience. This discussion is followed by a 
presentation of our research questions, hypoth-
HVHVDQGGLVFXVVLRQRIRXUPHWKRGRORJ\:H
then present our analysis, scrutinizing our data 
both collectively and by course. We conclude 
ZLWKDGLVFXVVLRQRIWKHRXWFRPHVOLPLWDWLRQVRI
RXUVWXG\DQGLPSOLFDWLRQV
2.  Undergraduate Research
Experiences
Undergraduate research (UR) experiences 
have been used as a process for increasing 
undergraduate student knowledge of scien-
WLÀFPHWKRGVDQGFRQWHQWDQGDVDYHKLFOH IRU
increasing their interest in careers in science 
.DUGDVK  /RSDWWR  6H\PRXU
Hunter, Laursen, & DeAntoni, 2004). Through 
UR experiences, students engage in situations 
in which they can gain experience with scien-
WLÀFUHVHDUFKDQGLQFUHDVHWKHLUXQGHUVWDQGLQJ
RI VFLHQFH NQRZOHGJHZKLOH EHLQJ IRUPDOO\ LQ-
troduced to science research as a profession 
+XQWHU/DXUVHQ	6H\PRXU
Undergraduate research has been tradition-
DOO\ W\SLÀHGE\SDLULQJDVWXGHQWZLWKD IDFXOW\
researcher for a one-to-one research experi-
HQFH /RSDWWR &XVWRPDULO\ WKHXQGHU-
JUDGXDWH VWXGHQW EHFRPHV LQYROYHG LQ WKH UH-
VHDUFKRIWKHVSRQVRULQJIDFXOW\DVDPHPEHU
RIWKHUHVHDUFKWHDPZRUNLQJRQWKHVSRQVRU·V
UHVHDUFKDJHQGDEXW WKHUHPD\EHYDULDWLRQV
in the structure in which students offer their 
own unique directions or ideas for investiga-
WLRQV+DNLP.DUGDVK0LOOVSDXJK
	0LOOHQEDK  ,Q DGGLWLRQ VWXGHQWV SDU-
WLFLSDWLQJ LQ 85 PD\ WDNH RYHU UHVSRQVLELOLW\
IRU FRQGXFWLQJ VRPH DVSHFW RI WKH RQJRLQJ
research, including reporting results at profes-
VLRQDOFRQIHUHQFHVDQGGUDIWLQJPDQXVFULSWVIRU
publication (Burnley, Evans, & Jarrett, 2002). 
1. Introduction
The typical undergraduate science curricu-
OXPLVGHVLJQHGWRSURYLGHVWXGHQWVZLWKRSSRU-
tunities to gain knowledge of both the content 
and process of science (Sunal, Wright & Day, 
2004). While content is presented in lecture, 
the procedural knowledge of science is typically 
taught through lab courses, where undergradu-
ate students engage in investigations. Yet these 
experiences frequently do not provide students 
with an authentic understanding and accurate 
SHUVSHFWLYHRIVFLHQWLÀFUHVHDUFK%XFN%UHW]
	7RZQV&KLQQ	0DOKRWUD2S-
SRUWXQLWLHV IRUPRUHDXWKHQWLFH[SRVXUH WRVFL-
HQWLÀF UHVHDUFKDUHPRUH OLNHO\ WRRFFXUZKHQ
undergraduate students engage with faculty in 
one-to-one undergraduate research (UR) ex-
periences. The successes of UR experiences 
.DUGDVK  /RSDWWR  6H\PRXU
Hunter, Laursen, & DeAntoni, 2004), provide 
MXVWLÀFDWLRQIRUH[SORULQJDGGLWLRQDODSSURDFKHV
ZKLFKFRXOGH[SDQGRSSRUWXQLWLHVIRUPRUHVWX-
dents to gain exposure to and experience with 
VFLHQWLÀFUHVHDUFK
 2QH SRVVLEOH DSSURDFK LV WR LQWHJUDWH VFL-
HQWLÀF UHVHDUFK H[SHULHQFHV LQWR WKH FRXUVH
FXUULFXOD7URVVHW/RSDWWR	(OJLQ7KH
potential for course-integrated research to en-
gage all enrolled students in a UR experience 
effectively addresses the call to increase the 
QXPEHURIVWXGHQWVLQYROYHGLQ85H[SHULHQFHV
+XQWHU/DXUVHQ	6H\PRXU7DUDEDQ	
%ODQWRQ  ,Q DGGLWLRQ FRXUVHLQWHJUDWHG
85H[SHULHQFHVSURYLGHVWXGHQWVPRUHFKDQF-
es to collaborate on and support each other in 
conducting research, which increases the po-
tential for establishing career-long relationships 
7DUDEDQ	%ODQWRQ<HWWKHUHLVOLPLWHG
research exploring course-integrated research 
WRGHWHUPLQHKRZEHVWWRVWUXFWXUHWKHVHH[SH-
ULHQFHVWRPD[LPL]HEHQHÀWVWRXQGHUJUDGXDWH
VFLHQFHVWXGHQWV,QWKLVVWXG\ZHDGGUHVVWKLV
JDSLQWKHOLWHUDWXUHE\FRPSDULQJWKUHHGLIIHUHQW
course-integrated research experiences and 
HYDOXDWLQJWKHVWXGHQWV·DIIHFWLYHDQGFRJQLWLYH
responses to their experiences. 
We begin our investigation report with an ex-
Abstract
Enhancing undergraduate stu-
GHQWV· SUHSDUDWLRQ DQG LQWHUHVW
in science careers frequently in-
YROYHV HQJDJHPHQW LQ DXWKHQWLF
research experiences. Tradition-
al undergraduate research (UR) 
one-to-one faculty-to-student ra-
WLR LVFKDOOHQJHGE\GHPDQGDQG
FRVWPRWLYDWLQJWKHGHYHORSPHQW
of alternative approaches to of-
IHULQJ WKHVH H[SHULHQFHV (P-
bracing this challenge, we inte-
grated UR experiences into three 
undergraduate biology courses, 
each taking a different approach 
to engaging students. The ap-
SURDFKHV YDULHG WKH DPRXQW RI
teacher and student responsibility, 
UHÁHFWLQJGLIIHUHQWOHYHOVRILQTXLU\
LQVWUXFWLRQRQHLQZKLFKVWXGHQWV
ZHUHHPEHGGHGLQWRWKHIDFXOW\·V
on-going research; a second in 
which faculty provided the hy-
SRWKHVHV DQG PHWKRGRORJ\ DQG
students were responsible for ex-
SHULPHQWGHWDLOVDQGLPSOHPHQWD-
tion; and a third in which students 
were responsible for all aspects 
RI UHVHDUFK RQ DQ\ WRSLF WKDW ÀW
within the scope of the course. 
:H DVVHVVHG DQG FRPSDUHG
VWXGHQWV· DIIHFWLYH DQG FRJQLWLYH
RXWFRPHVUHODWHGWRHQJDJHPHQW
LQVFLHQWLÀFUHVHDUFK2YHUDOODOO
participants felt their experiences 
were effective for learning and 
SRVLWLYHO\ LQÁXHQFHG LQWHUHVW LQ
and knowledge of science. How-
HYHU VWXGHQWV· SHUFHLYHG JDLQV
differed, with greatest gains de-
tected in students engaged in the 
PRVW DXWKHQWLF LQTXLU\ DSSURDFK
$129$S
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,QYHVWLJDWLRQVRI85H[SHULHQFHVUHSRUWDUDQJH
RIEHQHÀFLDORXWFRPHVIRUVWXGHQWVLQYROYHGLQ
85 /RSDWWR  5XVVHOO +DQFRFN 	 0F-
&XOORXJK  6H\PRXU +XQWHU /DXUVHQ
& DeAntoni, 2004). Studies investigating UR 
H[SHULHQFHV UHSRUW LQFUHDVHV LQ SDUWLFLSDQWV·
LQWHUHVW DQG NQRZOHGJH RI VFLHQWLÀF UHVHDUFK
DQGPRWLYDWLRQWRSXUVXHVFLHQWLÀFFDUHHUV/R-
patto, 2007). However, it is widely recognized 
WKDWPDQ\VWXGHQWVHQJDJLQJLQ85DUHDOUHDG\
PRWLYDWHG WR EHFRPH LQYROYHG LQ WKHVH DFWLYL-
ties and are predisposed to interest in science 
careers (Lopatto, 2007). 
 %HQHÀWV IRU IDFXOW\ VSRQVRULQJ85 H[SHUL-
ences include satisfaction with working with 
XQGHUJUDGXDWHV 5XVVHOO  LQFUHDVHV LQ
lab productivity, and the recruiting of students 
IRU ORQJHUWHUP SURMHFWV DQG LQWR WKH ÀHOG ,Q
DGGLWLRQQHZSHUVSHFWLYHVRIUHVHDUFKPD\UH-
VXOWIURPVWXGHQWLQYROYHPHQWLQ85OHDGLQJWR
QHZRUPRUHSURGXFWLYHGLUHFWLRQVIRUUHVHDUFK
%DXHU	%HQQHWW
 *URZLQJVWXGHQWDZDUHQHVVRIWKHEHQHÀWV
RI WKH85H[SHULHQFH KDV LQWHQVLÀHG GHPDQG
IRUWKHVHRSSRUWXQLWLHV0HUNHO<HWWKHUH
DUHOLPLWDWLRQVWRWKHUHVRXUFHVDYDLODEOHWRRIIHU
and sustain the traditional one-to-one student 
to faculty ratio approaches to UR experiences 
%ODQWRQ  1DWLRQDO 6FLHQFH )RXQGDWLRQ
>16)@5XVVHOO7KHFRPELQDWLRQ
RI XQGHUJUDGXDWH HQUROOPHQW JURZWK DW PDQ\
LQVWLWXWLRQV /LYLQJVWRQ  LQFUHDVHG LQ-
WHUQDO DQG H[WHUQDO FRPSHWLWLRQ IRU IXQGLQJ WR
support undergraduate research (Bauer & Ben-
QHWW0RQDVWHUVN\5XVVHOO
and increased student desire to engage in UR 
0HUNHO PD\ RYHUZKHOP WKH WUDGLWLRQDO
UR pairing of one student to one faculty re-
searcher (Hunter, 2007). 
 <HWVWXGHQWDQG IDFXOW\EHQHÀWVRI85H[-
SHULHQFHV SURYLGHPRWLYDWLRQ IRU VHHNLQJ QHZ
RSWLRQVWKDWVXSSRUW85HQJDJHPHQW2QHSRV-
sible solution is to integrate UR experiences into 
XQGHUJUDGXDWHVFLHQFHFRXUVHV ,Q WKHLU VWXG\
H[DPLQLQJ FRXUVHLQWHJUDWHG UHVHDUFK H[SHUL-
HQFHV7URVVHW/RSDWWRDQG(OJLQUHSRUW
VWXGHQWEHQHÀWVHTXLYDOHQWWRIXOOWLPHUHVHDUFK
H[SHULHQFHV,QWKHLULQYHVWLJDWLRQ7URVVHWDQG
FROOHDJXHV H[SORUHG WKH EHQHÀWV RI IXOOWLPH
UR experiences to course-integrated experi-
HQFHVEXWGLGQRWFRPSDUHRXWFRPHVEHWZHHQ
FRXUVHV7KLVVXJJHVWVWKDWWKHUHLVMXVWLÀFDWLRQ
IRUH[SORULQJRXWFRPHVIURPFRXUVHLQWHJUDWHG
85H[SHULHQFHVWRGHWHUPLQHWKHVWUXFWXUHWKDW
OHDGVWRWKHKLJKHVWOHYHOVRIVWXGHQWEHQHÀW
 )RU RSWLPDO RXWFRPHV UHVHDUFK H[SHUL-
HQFHV VKRXOG PD[LPL]H VWXGHQW OHDUQLQJ DV
WKH\ HQJDJH LQ DXWKHQWLF VFLHQWLÀF UHVHDUFK
H[SHULHQFHV 7KH LPSOHPHQWHG VWUXFWXUHV RI
FRXUVHLQWHJUDWHG 85PD\ YDU\ ZLGHO\ ZKLFK
LQÁXHQFH WKH GHSWK WR ZKLFK WKH SDUWLFLSDWLQJ
VWXGHQWVHQJDJHLQVFLHQWLÀFLQTXLU\+RZHYHU
DV6HWWODJHDUJXHVPDQ\VWXGHQWVPD\
not be prepared to engage in the level of inquiry 
associated with authentic professional research 
and, therefore, students often require additional 
JXLGDQFHDQGVXSSRUWWRPD[LPL]HWKHEHQHÀWV
7KLVEHJV WKHTXHVWLRQKRZGRHV WKH OHYHORI
inquiry of course-integrated UR experiences re-
ODWHWRWKHEHQHÀWVRIVWXGHQWHQJDJHPHQW"7R
LQYHVWLJDWHWKLVUHODWLRQVKLSZHXVHG6FKZDE·V
OHYHOVRILQTXLU\PRGHOWRSURYLGHDUDWLR-
nale for classifying and investigating the struc-
ture of course-integrated UR experiences. 
3. Levels of Inquiry
7KHGHÀQLWLRQRIinquiry continues to be de-
EDWHGDQGUHÀQHG%XFN%UHW]	7RZQV
&KLQQ	0DOKRWUD0DUWLQ+DQVHQ
15&)URPDSUDJPDWLFSHUVSHF-
WLYHDVFLHQWLÀFLQTXLU\VKRXOGKDYHWKHGHWHFW-
DEOHSUHVHQFHDQGLPSOHPHQWDWLRQRIWKUHHHV-
VHQWLDOHOHPHQWVUHVHDUFKTXHVWLRQVPHWKRG-
ology and data collection, and interpretation and 
explanation of results (Schwab, 1962; Herron, 
8VLQJ WKHPRGHO SURSRVHG E\6FKZDE
(1962), student and teacher roles in an inquiry 
FDQJHQHUDOO\EHFODVVLÀHGLQWRIRXUOHYHOV7KLV
IRXUWLHUHG FODVVLÀFDWLRQ VFKHPH LV EDVHG RQ
the level of teacher and student responsibility 
IRU WKH WKUHH HVVHQWLDO LQTXLU\ HOHPHQWV 7KH
OHYHO RI LQTXLU\ LQFUHDVHV IURP  WR  DV WKH
UHVSRQVLELOLW\ IRU WKH LQYHVWLJDWLRQ VKLIWV IURP
WHDFKHU WR OHDUQHU VHH )LJXUH  $W /HYHO 
WKH WHDFKHUSURYLGHV WKHTXHVWLRQVPHWKRGRO-
ogy for gathering data, and interpretation of the 
GDWD%\/HYHOWKHOHDUQHULVZRUNLQJPRVWO\
LQGHSHQGHQWO\ DVVXPLQJ UHVSRQVLELOLW\ IRU DOO
WKUHH LQTXLU\ HOHPHQWV 8VLQJ 6FKZDE·V FODV-
VLÀFDWLRQVFKHPHZHZHUHDEOHWRLGHQWLI\DQG
classify our three course-integrated research 
experiences according to the levels of inquiry. 
)XUWKHUWKLVVFKHPHDOORZHGXVWRFRQVLVWHQWO\
use the inquiry concept while attending to the 
differences in the inquiry structure of course-
integrated research experiences. 
 7KHUH DUH FKDOOHQJHV DQG EHQHÀWV WR HQ-
gaging students in research at each of these 
levels of inquiry (Kinkead, 2003). There are 
QRVSHFLÀFFULWHULD IRUZKLFK OHYHORI LQTXLU\ LV
PRVW HIIHFWLYH IRU OHDUQLQJ EHFDXVH GLIIHUHQW
VWUXFWXUHVFDQEHHIIHFWLYHIRUPHHWLQJGLIIHUHQW
QHHGV 6WXGHQWV· NQRZOHGJH DQG DELOLWLHV DUH
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good criteria for setting the appropriate level of 
inquiry to use to guide the structure of research 
DFWLYLWLHV WKDW PD[LPL]H PHDQLQJIXO LQYROYH-
PHQWDQGVXFFHVVZLWKOHDUQLQJ%XFN%UHW]	
7RZQV&KLQQ	0DOKRWUD'XVFKO
	*UDQG\)RUH[DPSOHLIVWXGHQWVODFN
research experience or possess constrained 
YLHZV RI WKH VFLHQWLÀF PHWKRG WKH\ UHTXLUH
PRUHVWUXFWXUHDQGVXSSRUWDQG OHVV LQGHSHQ-
dence to effectively conduct research (Chinn & 
0DOKRWUD6HWWODJH$/HYHORU
LQTXLU\VWUXFWXUHPLJKWEHPRVWDSSURSULDWHIRU
WKHVHVWXGHQWV7KH/HYHOVWUXFWXUHPD\LQ-
FOXGHVFDIIROGLQJDQGRWKHUIRUPVRIVXSSRUWWR
JXLGHVWXGHQWVWKURXJKWKHSURFHVVRIIRUPLQJ
reasonable testable research questions, and 
WKHQ GHYHORSLQJ DSSURSULDWH PHWKRGRORJ\ IRU
conducting the research. 
The situation is different for students who 
KDYHH[SHULHQFHDQGFRQÀGHQFHZLWKVFLHQWLÀF
UHVHDUFKDQGKDYHGHPRQVWUDWHGVRPHOHYHORI
expertise by previously conducting an indepen-
GHQWVFLHQWLÀFVWXG\ &KLQQ	0DOKRWUD
Settlage, 2007). Although rare, these students 
PD\ EH SUHSDUHG WR HQJDJH LQ LQYHVWLJDWLRQV
DW QHDUO\ WKH VDPH OHYHO DV H[SHUW VFLHQWLÀF
researchers (Settlage, 2007). Experienced stu-
GHQWVPD\EHSUHSDUHGDQGZLOOLQJ WRDVVXPH
the responsibility and levels of independence 
QHFHVVDU\WRVXFFHVVIXOO\FRPSOHWHDOODVSHFWV
RI D VFLHQWLÀF LQYHVWLJDWLRQ /HDUQHUVZLWK WKLV
OHYHO RI H[SHULHQFHPD\EHDEOH WRHIIHFWLYHO\
engage in course-integrated UR experiences 
that have a Level 2 or 3 inquiry structure.
Regardless of the level of inquiry or the 
structure of the experience, the goal of UR is to 
provide students with exposure to the authentic 
practices and activities of professional scientists 
/RSDWWR7DUDEDQ	%ODQWRQ
$VDFRPSRQHQWRIXQGHUJUDGXDWHFRXUVHZRUN
VFLHQWLÀF ODEDFWLYLWLHVDUH LQWHQGHG WRSURYLGH
students with exposure and experience related 
WRWKHSURFHVVRIGRLQJVFLHQFHEXWDWWKHVDPH
WLPH WKHVH H[SHULHQFHVPD\ OLPLW WKHLU XQGHU-
VWDQGLQJRIVFLHQWLÀF UHVHDUFK %XFN%UHW]	
7RZQV'XVFKO	*UDQG\*ODVVRQ
	0F.HQ]LH$XWKHQWLFVFLHQFHLQYROYHV
the ability to engage in creative thought, exer-
FLVHSUREOHPVROYLQJDELOLWLHVDVVHUWPXOWLGLVFL-
SOLQDU\ SHUVSHFWLYHV DQGPDLQWDLQ NQRZOHGJH
RIWKHOLWHUDWXUH'XVFKO	*UDQG\+RJDQ
	0DJOLHQWL.XKQ$PVHO	2·/RXJKOLQ
.XKQ	3HDUVDOO6FKXQQ	$QGHU-
VRQ7KHPRWLYDWLRQWRSURYLGHVWXGHQWV
with exposure to and experience with all these 
DVSHFWV RI VFLHQFH MXVWLÀHV RIIHULQJ VWXGHQWV
RSSRUWXQLWLHV WR HQJDJH LQ DXWKHQWLF VFLHQWLÀF
LQTXLU\ 7KH ÀQDO GHWHUPLQDWLRQ RI WKH OHYHO
RI LQTXLU\ WKDW LVPRVW DSSURSULDWH IRU FRXUVH
integrated UR experiences should be based on 
the anticipated experiences and knowledge of 
WKHVWXGHQWV%DXHU	%HQQHWW6HWWODJH
2007). The goal of this research project was to 
explore these relationships.
4. Predictions and Hypotheses
,QDQHIIRUWWRH[SDQGXQGHUVWDQGLQJRIWKH
LQÁXHQFHRIWKHVWUXFWXUHRI85H[SHULHQFHVRQ
student learning, we investigated three different 
DSSURDFKHVWRFRXUVHEDVHG85FODVVLÀHGE\
OHYHOV RI LQTXLU\:H VRXJKW WR GHWHUPLQH WKH
LQÁXHQFHRIWKHFRXUVHH[SHULHQFHVRQWKHFRJ-
nitive (learning content) and affective (feeling 
DQG DWWLWXGHV RXWFRPHV RI VWXGHQWV HQJDJHG
in science research structured at three different 
OHYHOVRIVFLHQWLÀFLQTXLU\
We predicted that there would not be de-
WHFWDEOH GLIIHUHQFHV LQ WKH DIIHFWLYHPHDVXUHV
between courses. We hypothesized that all stu-
GHQWVZRXOGYLHZWKHHQJDJHPHQWLQVRPHOHYHO
RIVFLHQWLÀFUHVHDUFKDVZRUWKZKLOHPRWLYDWLRQ-
al, and rewarding, and therefore, would voice 
equal levels of appreciation for their experience 
ZLWKQRHIIHFWGXHWRVXEMHFWPDWWHUNQRZOHGJH
years of college, or the level of inquiry structure 
of their course-integrated research experience. 
We additionally predicted that students who en-
gaged in UR experiences with a higher level of 
LQTXLU\VWUXFWXUHZRXOGFRPPXQLFDWHDJUHDWHU
XQGHUVWDQGLQJ RI VFLHQWLÀF UHVHDUFK DQG WKH
processes by which science operates. We 
Inquiry Level Source of the Question
Data Collection 
Methods
Interpretation of 
Results
Level 0 Given by teacher Given by teacher Given by teacher
Level 1 Given by teacher Given by teacher Open to learner
Level 2 Given by teacher Open to learner Open to learner
Level 3 Open to learner Open to learner Open to learner
Figure 1. Schwab’s levels of inquiry (Schwab, 1962).
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hypothesized that increased levels of student 
independence and responsibility for research 
ZRXOGSURYLGHWKHPZLWKLQFUHDVHGRSSRUWXQLW\
to learn about the processes of science, and 
therefore, consistent with the reports in Taraban 
DQG %ODQWRQ  ZRXOG OHDG WR LQFUHDVHG
HQJDJHPHQWLQUHVHDUFKUHVXOWLQJLQLQFUHDVHG
XQGHUVWDQGLQJRIVFLHQWLÀFUHVHDUFK
4.1 Research Questions
The research questions guiding this investi-
JDWLRQZHUH
1) Do undergraduate students involved in 
different levels of course-integrated sci-
HQWLÀFLQTXLU\GLIIHULQPHDVXUHVRIDIIHF-
WLYHRXWFRPHV"
2) Do undergraduate students involved in 
different levels of course-integrated sci-
HQWLÀF LQTXLU\ GLIIHU LQ FRJQLWLYH DVVHVV-
PHQWVRIWKHLUXQGHUVWDQGLQJRIVFLHQWLÀF
UHVHDUFK"
 :KDW ZHUH WKH FRPPXQLFDWHG SHUFHS-
tions of the undergraduates engaging in 
FRXUVHLQWHJUDWHGUHVHDUFKH[SHULHQFH"
5. Methodology
5.1  Participants
This project took place in a large urban 
university located in the southeastern United 
6WDWHV 7KH RYHUDOO GHPRJUDSKLFV RI WKH SDU-
WLFLSDQWVZHUH\HDUVRIDJH6' 
PDOH DQG  IHPDOH &DXFDVLDQ
PXOWLUDFLDODQGDOORWKHUHWKQLFJURXSV
7KHVDPSOHZDVFRPSRVHGRI%LRORJ\PD-
MRUVZLWKLQWHQGLQJWRJRWRSURIHVVLRQDORU
JUDGXDWHVFKRROLQDELRORJ\UHODWHGÀHOG2IWKH
 SDUWLFLSDQWV KDGQHYHU HQJDJHG LQ D
prior UR experience.
 7KHSDUWLFLSDQWVIURPWKHWKUHHFRXUVHVGLG
QRW GLIIHU LQ DJHPDMRU RU QXPEHU RI FROOHJH
level biology courses. The participants in the 
WKUHHFRXUVHVGLGGLIIHURQWKHLUHQJDJHPHQWLQ
previous UR experiences, χ S
.01. Additional analysis revealed that Course A 
KDGVLJQLÀFDQWO\ORZHUSURSRUWLRQRISDUWLFLSDQWV
with prior research experience than Course B 
χ SDQG&RXUVH&χ 
S7KHUHIRUHLWLVLPSRUWDQWWRFRQ-
VLGHURXU UHVHDUFKRXWFRPHV LQ WKHFRQWH[WRI
differential levels of prior experience between 
WKHSDUWLFLSDQWVLQ&RXUVH$ZKHQFRPSDUHGWR
the Course B and Course C students.
 7KHSDUWLFLSDWLQJXQGHUJUDGXDWHVWXGHQWV
ZHUHUHFUXLWHGIURPWKUHHELRORJ\FRXUVHVWKDW
integrated a research experience structured 
at different levels of inquiry as part of the cur-
ULFXOXP7KHFRXUVHVLQYROYHGLQWKLVVWXG\ZHUH
VSUHDGRYHUIDOOVSULQJDQGVXPPHUVHPHVWHUV
'XH WRGHSDUWPHQWDOVFKHGXOLQJFRQVWUDLQWV LW
was not possible to run all courses during a 
VLQJOH VHPHVWHU VLPXOWDQHRXVO\ IRUFLQJ VWX-
dents to choose only one of the three course 
RSWLRQVDQGZHDFNQRZOHGJHWKDWWKLVLPSDFWV
WKHUREXVWQHVVRIRXUVWDWLVWLFDOGHVLJQ,WDOVR
DOORZHGWKHUHWREHDOLPLWHGQXPEHURIVWXGHQWV
that overlapped between two or three of the 
FRXUVHVQ+RZHYHUEHFDXVHZHDJUHHG
WRHQVXUHDQRQ\PLW\RIDOOSDUWLFLSDQWVZHZHUH
unable to identify the students who overlapped 
EHWZHHQFRXUVHVDQGH[DPLQHWKHLURXWFRPHV
independently.
5.2 Courses, Research Experiences, and   
      Levels of Inquiry
Course A:Animal Behavior. This upper-
division elective focused on the evolution of be-
KDYLRU7KLVFRXUVHRIIHUHGLQWKHIDOOVHPHVWHU
involved students in a Level 0 inquiry research 
experience with the faculty providing the re-
VHDUFKTXHVWLRQDQGWKHPHWKRGRORJ\DQGWKH
students were responsible for gathering data, 
but not analyzing results. Students assisted 
with data collection independently and received 
KHOSIURPWKHLQVWUXFWRURUWHDFKLQJDVVLVWDQWDV
QHHGHG$WWKHHQGRIWKHVHPHVWHUWKHFRXUVH
teaching assistant presented the class with 
Sample
n Age Gender Yrs until Grad Prior Research
M (SD) (M/F) M (SD) (Yes/No)
Course A 17 23.53 (4.46) 6/11 2.12 (.78) 2/15
Course B 25 23.36 (2.86) 5/20 2.32 (.56) 16/9
Course C 13 22.46 (3.57) 4/9 3.08 (.95) 6/7
Total 55 23.20 (3.54) 15/40 2.44 (.81) 24/31
Table 1. Participant Demographic
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D VXPPDU\ RI GDWD FROOHFWHG GXULQJ WKH WHUP
A Level 0 inquiry research experience was 
selected for this course because the enrolled 
VWXGHQWVW\SLFDOO\KDGYHU\OLPLWHGDXWKHQWLFVFL-
HQWLÀF UHVHDUFK H[SHULHQFH ,Q DGGLWLRQ WKHVH
XQGHUJUDGXDWH VWXGHQWV ZHUH UHWXUQLQJ IURP
VXPPHUEUHDNDQGPRVW OLNHO\KDGQRWHVWDE-
OLVKHG D KDELW IRU VFLHQWLÀF WKLQNLQJ DQG ZHUH
anticipated to be in need of additional support 
WR UHHVWDEOLVKDVFLHQWLÀF IUDPHRIPLQG)LQDO
GHWHUPLQDWLRQRID/HYHOLQTXLU\LQWKHFRXUVH
ZDVVXSSRUWHGE\WKHIDFXOW\PHPEHU·VGHVLUHWR
integrate the students into an existing research 
agenda, which had established research ques-
WLRQVDQGPHWKRGRORJLHV$ERXWRIVWXGHQWV·
ÀQDOFRXUVHOHDUQLQJDVVHVVPHQWZDVDWWULEXWHG
WR WKHLUSHUIRUPDQFHRQWKHLU85SURMHFWV$S-
SUR[LPDWHO\RIWKHVWXGHQWVH[FHHGHGWKH
LQVWUXFWRU·VH[SHFWDWLRQVDQGFRQWLQXHGWRVHHN
additional UR opportunities.
Course B: Marine Biology. This upper-
division elective focused on ecology and bio-
GLYHUVLW\ LQ PDULQH HFRV\VWHPV 7KLV FRXUVH
(Course B) was offered in the spring and en-
gaged students in a Level 2 inquiry. The faculty 
PHPEHU SURYLGHG WKH UHVHDUFK TXHVWLRQV DQG
directions for investigation and then gave the 
students the responsibility to propose, develop, 
DQG LPSOHPHQW D PHWKRGRORJ\ IRU JDWKHULQJ
data and conducting an analysis of the results. 
The students worked in groups of up to 6 indi-
viduals and each group had an unpaid gradu-
DWH VWXGHQW DV DPHQWRU2QH RI WKH JRDOV RI
&RXUVH%ZDVWKHFUHDWLRQRIDVFLHQWLÀFSRVWHU
presentation with the expectation that students 
SUHVHQWWKHLUÀQGLQJVDWWKHXQLYHUVLW\·VDQQXDO
undergraduate research showcase. The choice 
of the Level 2 inquiry structure of this course-in-
WHJUDWHGUHVHDUFKH[SHULHQFHZDVPDGHEDVHG
RQ WKH IDFXOW\·V GHVLUH WR DFKLHYH WKH SRVWHU
presentation goal while providing the students 
with an opportunity to explore unique avenues 
ZLWKLQ WKHFRQÀQHVRI WKH IDFXOW\·VHVWDEOLVKHG
research agenda. Also, since this course was 
offered in the spring there was an expectation 
that students had developed or regained abili-
WLHV WR WKLQNVFLHQWLÀFDOO\DQG WKHUHIRUHFRXOG
ZRUNPRUH LQGHSHQGHQWO\ DQG GLG QRW UHTXLUH
WKHVDPHOHYHORIVXSSRUWDVWKHVWXGHQWVHQWHU-
LQJ WKH IDOO FRXUVH$ERXWRI WKHDVVHVV-
PHQWRIVWXGHQWOHDUQLQJZDVEDVHGRQWKHLU85
SURMHFW)ROORZLQJWKHFRPSOHWLRQRIWKHFRXUVH
RYHURIWKHVHVWXGHQWVFRQWLQXHGZRUNLQJ
on UR projects and presented their results at 
UHJLRQDOPHHWLQJVRUSXEOLVKHG WKHLU UHVXOWVDW
WKHXQLYHUVLW\·VRQOLQHXQGHUJUDGXDWHUHVHDUFK
journal.
Course C: Tropical Marine Biology. This 
upper-division, elective, study-abroad course 
focused on coral reef ecology, biodiversity 
and research. This third course was offered 
WKHÀUVWZHHNRIVXPPHUVHPHVWHU&RXUVH&
DQG IRFXVHG DOPRVW H[FOXVLYHO\ RQ UHVHDUFK
This course involved traveling abroad to con-
GXFWELRORJLFDOÀHOGUHVHDUFKDWDPDULQHODER-
UDWRU\ LQ &HQWUDO $PHULFD 7KH VWUXFWXUH DQG
FXUULFXOXP RI WKH FRXUVH KHDYLO\ HPSKDVL]HG
FRQGXFWLQJVFLHQWLÀF LQYHVWLJDWLRQV LQWKHÀHOG
LQWHJUDWLQJWKHVHDFWLYLWLHVDVDPDMRUDFWLYLW\LQ
the course. There was an expectation that all 
students would orally present their research to 
their peers in the course. After spending the 
ÀUVW KDOI RI WKH FRXUVH H[DPLQLQJ ELRGLYHUVLW\
DQGHFRORJ\VWXGHQWVXVHGWKLVLQIRUPDWLRQWR
EUDLQVWRUPSRWHQWLDOUHVHDUFKLGHDVDVDJURXS
Students then individually picked their research 
topic, creating groups of 3-4 people. Since stu-
GHQWV ZHUH UHVSRQVLEOH IRU WKH GHYHORSPHQW
DQGLPSOHPHQWDWLRQRIDOODVSHFWVRIDVFLHQWLÀF
investigation, they were engaged in research 
at Level 3 inquiry. The choice for integrating 
/HYHOLQTXLU\LQWKLVFRXUVHZDVPDGHE\WKH
faculty to provide the enrolled students an op-
portunity to explore topics of personal interest 
DQG FRQGXFW DXWKHQWLF VFLHQWLÀF UHVHDUFK RQ
WKHVHWRSLFVLQWKHÀHOG$SSUR[LPDWHO\RI
WKH VWXGHQWV· OHDUQLQJDVVHVVPHQWZDVEDVHG
RQ WKHLUSHUIRUPDQFHRQ WKHLU85SURMHFWV$OO
VWXGHQWVLQWKHFRXUVHPHWWKHH[SHFWDWLRQVRI
the instructor.
Measures
 6KRUWO\ DIWHU WKH VWXGHQWV KDG FRPSOHWHG
WKHLUFRXUVHVWKH\ZHUHDVNHGWRFRPSOHWHRXU
UR experience survey. The survey used in this 
LQYHVWLJDWLRQZDV D FRPSLODWLRQ DQGPRGLÀFD-
WLRQ RI WZR H[WDQW LQVWUXPHQWV WKH 6XUYH\ RI
Undergraduate Research Experience (SURE) 
DQG WKH &ODVVURRP 8QGHUJUDGXDWH 5HVHDUFK
Experience (CURE), both developed by Lo-
SDWWR0RGLÀFDWLRQZDVQHHGHGWR
DOLJQWKHLWHPVRQWKHLQVWUXPHQWZLWKWKHVWUXF-
ture of our course-integrated UR experiences. 
:HPRGLÀHG WKHVXUYH\V WR IRFXVRQDIIHFWLYH
PHDVXUHVDWWLWXGHVDQGIHHOLQJVRIFRXUVHLQ-
WHJUDWHGVFLHQWLÀFUHVHDUFKDVZHOODVFRJQLWLYH
OHDUQLQJ FRQWHQWPHDVXUHV RI XQGHUVWDQGLQJ
RIWKHVFLHQFHDQGVFLHQWLÀFUHVHDUFKSURFHVV
([WUDQHRXV TXHVWLRQV UHJDUGLQJPHQWRUV FRO-
ODERUDWLRQZLWKPRUHH[SHULHQFHGVWXGHQWVDQG
RWKHULWHPVRQWKH685(DQG&85(QRWDVVRFL-
ated with our course-integrated structure were 
QRW LQFOXGHG RQ RXU PRGLÀHG LQVWUXPHQW 2XU
ÀQDO LQVWUXPHQWFRQWDLQHG IRUFHG UHVSRQVH
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/LNHUW VFDOH LWHPVDQG RSHQ UHVSRQVH LWHP
IRUPLQJVXEVFDOHVPRWLYDWLRQIRUHQUROOLQJLQ
WKH FRXUVH SHUFHLYHG EHQHÀWV RI WKH FRXUVH
SHUFHLYHG JDLQV IURP WKH FRXUVH DQG RYHUDOO
LPSUHVVLRQ7KHVXUYH\SURYLGHGDFRQWH[WVXFK
as, “Beneﬁts to your involvement in research” 
and requested participants to respond on a Lik-
HUWVFDOHWRDIIHFWLYHLWHPVVXFKDV“Tolerance 
for obstacles faced in the research process” 
DQG FRJQLWLYH LWHPV VXFK DV “Understanding
of the research process in your ﬁeld.” A Cron-
EDFK·V DOSKDDQDO\VLV RI WKH LQWHUQDO UHOLDELOLW\
RIRXUPRGLÀHGLQVWUXPHQWZDVUHYHDOHGWREH
LQGLFDWLQJDKLJKOHYHORILQVWUXPHQWVWDELOLW\
(Crocker & Algina, 1991).
 $ WRWDO RI  TXHVWLRQV ZHUH XVHG WR DV-
VHVV GHPRJUDSKLFV SULRU VFLHQWLÀF UHVHDUFK
experience, attitudes and feelings (affective 
PHDVXUHVDERXWWKHFRXUVHLQWHJUDWHG85H[-
perience, and perceived knowledge (cognitive 
PHDVXUHV JDLQHG IURP WKH H[SHULHQFH 7KH
research experience survey questions were 
/LNHUWVFDOH IRUPDWWHG ZLWK WKH H[FHSWLRQ RI
WKHÀQDOTXHVWLRQZKLFKDOORZHGSDUWLFLSDQWVWR
openly express their general overall perceptions 
RIWKHLU85H[SHULHQFHVLQQDUUDWLYHIRUP7KH
TXHVWLRQVZHUH GHOLYHUHG WKURXJK WKH ,QWHUQHW
XVLQJ WKH =RRPHUDQJZHEEDVHG VXUYH\ VRIW-
ZDUH 6HH KWWSZZZ]RRPHUDQJFRP 2QH
RI WKH SDUDPHWHUV SURYLGHG E\ =RRPHUDQJ WR
VXUYH\GHVLJQHUVLVD´4XHVWLRQLV0DQGDWRU\µ
RSWLRQ:HVHOHFWHGWKLVRSWLRQIRUDOOLWHPV
WRDVVXUHDOOVXUYH\VZHUHFRPSOHWHDQGGLGQRW
FRQWDLQPLVVLQJUHVSRQVHV
The data collection took place during the 
VSULQJDQGHDUO\VXPPHUVHPHVWHUV$WWKHEH-
JLQQLQJRIVSULQJVHPHVWHUZHXVHGWKHFRXUVH
URVWHU IURP &RXUVH $ WR HPDLO WKH HQUROOHG
VWXGHQWVZLWKDUHTXHVWIRUWKHPWRSDUWLFLSDWH
LQ WKH VWXG\ DQG FRPSOHWH WKH VXUYH\2I WKH
VWXGHQWVZKRFRPSOHWHG&RXUVH$WKHSULRU
VHPHVWHU  UHVSRQGHG DQG FRPSOHWHG RXU
survey. The students in Courses B and C were 
DVNHGLQFODVVWRSDUWLFLSDWHDQGFRPSOHWHWKH
survey at the end of the course. All of the stu-
GHQWV IURPWKHVH WZRFRXUVHVSDUWLFLSDWHG IRU
DWRWDORIIRU&RXUVH%DQGIRU&RXUVH&
,WLVLPSRUWDQWWRQRWHWKDWDFRQVLGHUDEO\ORZHU
SURSRUWLRQRIVWXGHQWVIURP&RXUVH$UHVSRQG-
HG ZKHQ FRPSDUHG WR WKH SHUFHQWDJH RI WKH
enrolled students who responded in the other 
WZRFRXUVHVDQG WKHUHPD\KDYHEHHQDELDV
WRZDUGSRVLWLYH UHVSRQVHV)XUWKHU WKHUHZDV
D ORQJHUGHOD\EHWZHHQFRPSOHWLRQRI WKH85
experience and post-experience data collection 
of the Course A students. Therefore, our results 
PXVWEHFRQVLGHUHGZLWKLQWKLVFRQWH[W
6. Results
6.1 Quantitative Data
:H XVHG FRPSRVLWH GDWD SURGXFHG E\
JURXSLQJ UHVSRQVHV IURPDOO WKUHHFRXUVHV WR
H[DPLQH VXEJURXSV RI LWHPV IURP RXU LQVWUX-
PHQWWKDWZHUHUHSUHVHQWDWLYHRIDIIHFWLYHSHU-
spectives of research or cognitive aspects of 
VFLHQWLÀF UHVHDUFK :H FDOFXODWHG WKH PHDQV
DQGVWDQGDUGGHYLDWLRQVIRUHDFKLWHPZLWKLQRXU
subgroups for further analysis, and we focused 
RXUUHVXOWVRQVXUYH\LWHPVWKDWZHUHUHYHDOHG
WRUHSUHVHQWHLWKHUKLJKRUORZH[WUHPHVLQVWX-
dent responses because we sought to expose 
trends. Therefore, we did not explore the out-
FRPH IRU HDFK RI WKH  LWHPV EXW UHVWULFWHG
RXUUHSRUWLQJWRWKRVHNH\LWHPVIURPRXUVXE-
JURXSWKDWKDGWKHKLJKHVWDQGORZHVWPHDQV
:H WKHQ H[DPLQHG WKH LQGLYLGXDO LWHPV XVLQJ
$129$WRGHWHUPLQHLIWKHUHZHUHVLJQLÀFDQWO\
GLIIHUHQW UHVSRQVHV WR WKH LWHPV EHWZHHQ WKH
WKUHH FRXUVHV )RU FRQWLQXLW\ ZH SUHVHQW WKH
WZR LWHPV IURP WKH VXUYH\ WKDWZH GLG QRW LQ-
FOXGHLQRXUDQDO\VLVDVÀJXUHVLQWKH$SSHQGL[
We conducted all of our analyses at a sig-
QLÀFDQFHOHYHORI&RQYHQWLRQVXJJHVWVWKLV
PHWKRG RI DQDO\VLV QHFHVVLWDWHV HUURU FRUUHF-
WLRQ WR FRPSHQVDWH IRU WKH SRVVLELOLW\ RI 7\SH
, HUURUV +RZHYHU 5RVVL /LSVH\ DQG )UHH-
PDQSURYLGHMXVWLÀFDWLRQIRUPDLQWDLQLQJ
DKLJKHU OHYHO RI VLJQLÀFDQW DOSKD  ZLWK
VPDOOHU VDPSOH VL]HV WR FRPSHQVDWH IRU WKH
reduced power and the increased probability of 
W\SH,,HUURU
6.1.1 Motivation for Course Enrollment. 
 2XUDQDO\VLVEHJDQZLWKDQH[DPLQDWLRQRI
WKHPHDQV RI D JURXS RI  LWHPVPHDVXULQJ
SDUWLFLSDQWPRWLYDWLRQIRUHQUROOLQJLQWKHFRXUVH
7KHPHDQVDQGVWDQGDUGGHYLDWLRQV IRU WKHVH
LWHPV LQ WKH RUGHU WKDW WKH\ DSSHDUHG RQ WKH
survey are presented below in Table 2. These 
LWHPVZHUHUDWHGRQDWKUHHSRLQW/LNHUWVFDOH
ZLWK´µUHSUHVHQWLQJ´1RW,PSRUWDQWµH[WHQGLQJ
WR ´µ UHSUHVHQWLQJ ´9HU\ ,PSRUWDQWµ %HFDXVH
WKHVH LWHPV ZHUH UHODWHG WR PRWLYDWLRQ ZH
FRQVLGHUHG WKHVH WR EHPHDVXUHV RI DIIHFWLYH
RXWFRPHV7KHSDUWLFLSDQWUHVSRQVHVLQGLFDWHG
WKDWLQWHUHVWLQWKHVXEMHFWPDWWHUZDVWKHPRVW
LPSRUWDQWLQÁXHQFHRQGHFLVLRQWRHQUROOLQWKH
courses (M   SD    ZKLFKZDV IRO-
ORZHG E\ D GHVLUH WR OHDUQPRUH DERXW VFLHQ-
WLÀF UHVHDUFK M   SD    7KH OHDVW
LPSRUWDQWFRQWULEXWLQJIDFWRUVZHUHIXOÀOOPHQWRI
DGLVWULEXWLRQUHTXLUHPHQWM SD 
DQGPHHWLQJJUDGXDWHVFKRROHQWUDQFHUHTXLUH-
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PHQWM SD 7KLVVXJJHVWVWKDWDV
DJURXSWKHVWXGHQWVZHUHLQLWLDOO\PRWLYDWHGWR
HQUROOLQWKHFRXUVHVE\DGHVLUHWROHDUQPRUH
about the corresponding course content.
Using the enrolled course as the grouping 
IDFWRUZHFRQGXFWHGDQ$129$RIWKHLWHPV
listed in Table 2 as the dependent variables. 
7KH UHVXOWV UHYHDOHG WKUHH LWHPV PHDVXULQJ
FRXUVHPRWLYDWLRQLQZKLFKWKHFRXUVHVGLIIHUHG
VLJQLÀFDQWO\$VLJQLÀFDQWGLIIHUHQFHZDVIRXQG
IRUSDUWLFLSDQWUDWLQJRIWKHLPSRUWDQFHIRUOHDUQ-
LQJPRUHDERXWVFLHQFHF p
with post hoc analysis revealing that Course A 
UDWHG WKH LPSRUWDQFH VLJQLÀFDQWO\ ORZHU WKDQ
the other two courses (p   $ VLJQLÀFDQW
GLIIHUHQFHZDVIRXQGIRUWKHLPSRUWDQFHRIJHW-
WLQJ KDQGVRQ H[SHULHQFH )   p 
.01, with post hoc analysis revealing Course 
& UHSRUWLQJ D KLJKHU OHYHO RI LPSRUWDQFH WKDQ
&RXUVH$S)LQDOO\WKHUHZDVDVLJQLÀ-
FDQWGLIIHUHQFHPHDVXUHGIRUWKHLPSRUWDQFHRI
ÀWWLQJDFRXUVHLQWRDVFKHGXOH) 
p3RVWKRFDQDO\VLVUHYHDOHGWKDWWKLVZDV
D PRUH LPSRUWDQW FRQVLGHUDWLRQ IRU &RXUVH %
than for those enrolled in course C (p
 ,QDSSHDUVWKHUHZDVJUHDWHUPRWLYDWLRQWR
OHDUQVXEMHFWPDWWHUDQGH[SHULHQFHKDQGVRQ
activities for the students enrolling in Course 
&DQGDVLJQLÀFDQWO\ ORZHUHPSKDVLVRQÀWWLQJ
a course into a schedule. This suggests that 
PRWLYDWLRQ IRU HQUROOLQJZDV GLIIHUHQW EHWZHHQ
FRXUVHV ZKLFK PD\ EH H[SODLQHG E\ WKH IDFW
WKDW&RXUVH&ZDVDVWXG\DEURDGVXPPHUVH-
PHVWHUFRXUVHDQGUHTXLUHGDGLIIHUHQWOHYHORI
VWXGHQWFRPPLWPHQW
6.1.2 Cognitive and Affective Gains. 
2XU DQDO\VLV FRQWLQXHG ZLWK DQ H[DPLQD-
WLRQ RI WKH PHDQ VFRUHV RI LWHPV PHDVXULQJ
SHUFHLYHGJDLQVGXH WR LQYROYHPHQW LQ WKH85
H[SHULHQFH 7ZHQW\ LWHPV PHDVXUHG ERWK DI-
IHFWLYHDQGFRJQLWLYHEHQHÀWVIURPWKHLULQYROYH-
PHQWLQ85DQGZHUHUDWHGRQDÀYHSRLQW/LNHUW
VFDOH UDQJLQJ IURP  ´1R*DLQµ WR  ´9HU\
/DUJH*DLQµVHH7DEOH7KHIRXULWHPVZLWK
WKH KLJKHVW PHDQ VFRUHV IRU JDLQ PHDVXUHG
understanding of how scientists work on real 
SUREOHPVM SD XQGHUVWDQGLQJ
RIWKHUHVHDUFKSURFHVVLQ\RXUÀHOGM 
SD DELOLW\WRDQDO\]HGDWDDQGRWKHULQ-
IRUPDWLRQM SD DQGDELOLW\WR
integrate theory and practice (M SD 
1.03).
 7KHIRXULWHPVZLWKWKHORZHVWPHDQVFRUH
LQGLFDWLQJORZHVWJDLQVLQOHDUQLQJZHUHOHDUQ-
ing to work independently (M SD 
skill in how to give an effective oral presentation 
(M SD DELOLW\WRUHDGDQGXQGHU-
VWDQGSULPDU\OLWHUDWXUHM SD 
and skill in science writing (M SD 
(see Table 3).
 ,WHPV ZLWK WKH KLJKHVW PHDQ VFRUHV ZHUH
ERWK FRJQLWLYH LWHPVDVVRFLDWHGZLWK OHDUQLQJ
Question Content Course A Course B Course C Total
06' 06' 06' 06'
)LOODGLVWULEXWLRQUHTXLUHPHQW    
)LOODUHTXLUHPHQWIRUP\PDMRU   1.62(1.04) 
Needed for graduate or professional school    
1HHGHGIRUP\GHVLUHGHPSOR\PHQWDIWHUFROOHJH  2.32(.99)  
,QWHUHVWLQWKHVXEMHFWPDWWHU    
 To learn lab techniques   1.77(1.01) 
To learn about science and the research process ** 2.00(.71)  2.77(.44) 2.44(.66)
To get hands-on research experience  ** 2.00(.71)   
,WÀWLQP\VFKHGXOH  2.12(.93)  
7KHFRXUVHDQGRUWKHLQVWUXFWRUKDVDJRRGUHSXWDWLRQ    
$129$SS
Table 2.  The Means and Standard Deviations of the Measures of Motivation for Enrolling 
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FRQWHQW DQG DIIHFWLYH LWHPV DVVRFLDWHG ZLWK
IHHOLQJVDERXWLQYROYHPHQWLQWKHSURFHVVLQGL-
cating that students experienced large gains in 
ERWKDUHDV+RZHYHUWKHORZHVWVFRULQJLWHPV
were associated exclusively with the processes 
and procedures of science and did not include 
DIIHFWLYHPHDVXUHV7KLVVXJJHVWVWKDWJDLQVLQ
OHDUQLQJDQGXQGHUVWDQGLQJPRUHDERXWVFLHQFH
ZHUH OHVV WKDQDFFRPSDQ\LQJJDLQV LQDSSUH-
ciation for science.
 $Q$129$RQ WKH LWHPVDVVHVVLQJH[-
SHULHQFHEHQHÀWVDPRQJFRXUVHVUHYHDOHGVLJ-
QLÀFDQWGLIIHUHQFHVIRUHLJKWLWHPV'LIIHUHQFHV
ZHUHIRXQGIRUVHYHUDOLWHPVUHODWHGWRWKHSUH-
VHQWDWLRQ RI UHVXOWV VHH 7DEOH  6LJQLÀFDQW
GLIIHUHQFHVLQSHUFHLYHGPHDVXUHGJDLQVZHUH
Question Content
Course A Course B Course C Total
M(SD) M(SD) M(SD) M(SD)
&ODULÀFDWLRQRIFDUHHUSDWK 2.59(1.11) 3.60(1.19) 3.77(1.09) 3.33(1.23)
Skill in the interpretation of results * 2.76(1.25) 3.60(1.00) 3.77(.83) 3.38(1.11)
Tolerance for obstacles faced in the research process 3.12(1.36) 3.88(.97) 3.69(1.03) 3.60(1.15)
5HDGLQHVVIRUPRUHGHPDQGLQJUHVHDUFK 2.76(1.56) 3.64(1.08) 4.00(1.08) 3.45(1.32)
Understanding how knowledge is constructed 3.35(1.17) 3.60(1.32) 4.08(.76) 3.64(1.18)
8QGHUVWDQGLQJRIWKHUHVHDUFKSURFHVVLQ\RXUÀHOG 3.82(1.13) 4.12(1.09) 4.08(1.12) 4.02(1.10)
Ability to integrate theory and practice 3.53(1.18) 3.88(.97) 4.15(.90) 3.84(1.03)
8QGHUVWDQGLQJRIKRZVFLHQWLVWVZRUNRQUHDOSUREOHPV 4.12(.78) 4.40(1.08) 4.38(.77) 4.31(.92)
8QGHUVWDQGLQJWKDWVFLHQWLÀFDVVHUWLRQVUHTXLUHVXSSRUWLQJHYLGHQFH
*
3.47(1.07) 3.92(1.19) 3.69(.75) 3.73(1.06)
$ELOLW\WRDQDO\]HGDWDDQGRWKHULQIRUPDWLRQ 3.71(1.05) 3.84(1.14) 4.00(.91) 3.84(1.05)
Understanding science 3.47(1.01) 3.76(1.33) 3.69(1.03) 3.65(1.16)
/HDUQLQJHWKLFDOFRQGXFWLQ\RXUÀHOG 3.00(1.22) 3.28(1.51) 3.31(1.18) 3.20(1.34)
Learning laboratory techniques ** 2.71(1.05) 3.92(1.19) 2.85(1.34) 3.29(1.30)
$ELOLW\WRUHDGDQGXQGHUVWDQGSULPDU\OLWHUDWXUH 2.41(1.37) 3.08(1.35) 2.77(1.17) 2.80(1.32)
Skill in how to give an effective oral presentation ** 1.53(1.12) 3.16(1.21) 3.62(1.04) 2.76(1.41)
Skill in science writing ** 2.00(1.41) 3.40(1.12) 3.15(.69) 2.91(1.28)
6HOIFRQÀGHQFH 2.12(1.17) 3.00(1.26) 4.00(1.15) 2.96(1.37)
Learning to work independently 2.29(1.31) 2.36(1.29) 2.85(.80) 2.45(1.20)
%HFRPLQJSDUWRIDOHDUQLQJFRPPXQLW\ 3.12(1.17) 3.52(1.23) 4.08(.95) 3.53(1.18)
&RQÀGHQFHLQP\SRWHQWLDOWREHDWHDFKHURIVFLHQFH 2.18(1.42) 3.00(1.38) 3.69(1.03) 2.91(1.42)
$129$SS
7DEOH0HDQVDQG6WDQGDUG'HYLDWLRQVRI0HDVXUHV$VVRFLDWHGZLWK0HDVXUHVRIWKH3HUFHLYHG%HQHÀWV
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IRXQGIRUWKHLQWHUSUHWLQJUHVXOWVLWHPF 
4.36, pIRUWKHLWHPDVVHVVLQJJDLQVLQRUDO
presentation skills, F pIRU
WKHLWHPPHDVXULQJSHUFHLYHGJDLQVLQVFLHQWLÀF
writing, F pDQGIRUWKHLWHP
PHDVXULQJVWXGHQWXQGHUVWDQGLQJWKDWVFLHQWLÀF
assertions require supporting evidence F
 p7KHSRVWKRFDQDO\VLVVKRZHG
that the students in Course B and Course C 
ERWKUHSRUWHGVLJQLÀFDQWO\KLJKHUJDLQVRQWKHVH
FRPPXQLFDWLRQLWHPVWKDQ&RXUVH$p
)XUWKHU H[DPLQDWLRQ RI WKH $129$ UHYHDOHG
D VLJQLÀFDQW GLIIHUHQFH IRU SHUFHLYHG JDLQV
LQ UHDGLQHVV IRU PRUH GHPDQGLQJ UHVHDUFK
F p  3RVWKRFDQDO\VLV LQ-
dicated the Course C students experienced a 
greater gain in readiness than their peers en-
rolled in Course A (p  $ VLJQLÀFDQW GLI-
ference was also found in perceived gains in 
laboratory techniques, F p
post hoc analysis indicated that Course B had 
KLJKHUPHDVXUHGJDLQVWKDQERWK&RXUVH$p
.01) and Course C (p   7ZR LWHPV WKDW
ZHUHIRXQGWREHVLJQLÀFDQWZHUHERWKUHODWHG
WRJDLQV LQFRQÀGHQFHWKHÀUVWZDVVHOIFRQÀ-
dence, F pDQGWKHVHFRQG
DVVHVVHGJDLQVLQFRQÀGHQFHDVDSRWHQWLDOWR
be a science teacher, F p
3RVWKRFDQDO\VLVRIWKHVHLWHPVUHYHDOHGWKDW
&RXUVH & SHUFHLYHG VLJQLÀFDQWO\ KLJKHU JDLQV
than the participants in Course A (p  
7KHVHRXWFRPHVVXJJHVW WKDWKLJKHU OHYHOVRI
responsibility and independence in research as-
sociated with experiences structured at higher 
levels of inquiry in Course B and Course C lead 
to greater perceived cognitive gains related to 
XQGHUVWDQGLQJDQGEHLQJDEOHWRFRPPXQLFDWH
VFLHQWLÀF UHVHDUFK DQG WR LQFUHDVHV LQ FRQÀ-
dence in abilities.
6.1.3 Experiences that Lead to Learning. 
2XUQH[WDQDO\VLVH[DPLQHG WKHPHDQVRI WKH
LWHPVUHODWHGWRWKHSHUFHLYHGJDLQVLQOHDUQ-
ing in relationship to various course experi-
HQFHVVHH7DEOH7KHLWHPVZHUHUDWHGRQ
D ÀYHSRLQW /LNHUW VFDOH ZLWK QXPHULF YDOXHV
UDQJLQJIURP´µWR´µUHSUHVHQWLQJJDLQVUDQJ-
LQJIURP´1R*DLQµWR´9HU\/DUJH*DLQµ,WHPV
that assessed experiences in which participants 
FRPPXQLFDWHG ZLWK HDFK RWKHU H[KLELWHG WKH
JUHDWHVWJDLQVLQOHDUQLQJGDWDFROOHFWLRQM 
6' EHFRPLQJUHVSRQVLEOHIRUSDUW
of project (M 6' DQDO\]LQJGDWD
(M    6'    DQG ZRUNLQJ LQ VPDOO
groups (M 6' 
The experiences with the lowest gains in 
OHDUQLQJ ZHUH DVVRFLDWHG ZLWK WKH IROORZLQJ
working on a scripted lab in which the student 
DOUHDG\ NQRZV WKH RXWFRPH M    6'  
PDLQWDLQLQJDODEQRWHERRNM  6'
 ZULWLQJDUHVHDUFKSURSRVDOM 
6'   DQG DZRUNLQJ RQ D ODE LQZKLFK
WKH LQVWUXFWRU NQRZV WKH RXWFRPH M   
6'    6WXGHQWV YRLFHG SRVLWLYH JDLQV LQ
experiences that enhanced their independence 
DVOHDUQHUVDQGUHVHDUFKHUV,WLVLQWHUHVWLQJWR
note that experiences with the lowest gains are 
FRPPRQH[HUFLVHVRUHYHQWVLQWKHXQGHUJUDGX-
DWHFXUULFXOXPLQWKHVFLHQFHV\HWWKHVWXGHQWV
did not view these activities as enhancing their 
learning.
Consistent with our prior analysis, we tested 
IRUGLIIHUHQFHVDPRQJFRXUVHVE\$129$VRQ
WKHVHLWHPV7KHUHVXOWVRIWKHDQDO\VLVUH-
YHDOHGGLIIHUHQFHV IRU LWHPVVHH7DEOH
7KUHHRIWKHVHLWHPVEHFRPLQJUHVSRQVLEOHIRU
part of a project, F pZRUN-
LQJRQDODEZKHUHQRRQHNQRZVWKHRXWFRPH
F SDQGDSURMHFWHQWLUHO\RI
student design, F pDUHDOO
related to higher levels of independence asso-
ciated with activities structured at higher levels 
RILQTXLU\7KHSRVWKRFDQDO\VLVRIWKHVHLWHPV
UHYHDOHG WKDW&RXUVH$FRPPXQLFDWHG VLJQLÀ-
FDQWO\ORZHUJDLQVIURPWKHVHH[SHULHQFHVWKDQ
their peers in the other two courses (p
$129$V DOVR UHYHDOHG D WUHQG LQ VLJQLÀFDQW
GLIIHUHQFHVLQJDLQVIURPFRPPXQLFDWLRQH[SH-
ULHQFHV LQFOXGLQJPDLQWDLQLQJD ODEQRWHERRN
F    p   SUHVHQWLQJ UHVXOWV
orally, F pDQGSUHVHQWLQJ
results in a paper or a poster, F 
p3RVWKRFDQDO\VLVRIWKHVHWKUHHLWHPV
again revealed that Course A student has lower 
JDLQVIURPWKHVHH[SHULHQFHVWKDQWKHLUSHHUV
that engaged in research experiences struc-
tured at higher levels of inquiry (p 7KH
post hoc analysis also indicated that the Course 
& VWXGHQWV KDG VLJQLÀFDQWO\ KLJKHU JDLQV LQ
OHDUQLQJIURPPDLQWDLQLQJDQRWHERRNp
while Course B had indicated greater gains in 
OHDUQLQJ IURPWKHH[SHULHQFHRISUHVHQWLQJUH-
sults in a poster or paper than participants in 
the other two courses (p&RXUVHV%DQG
&GLGQRWGLIIHURQWKHJDLQVIURPSUHVHQWLQJUH-
sults orally. 
 )LQDOO\ RXU$129$VDOVR UHYHDOHG VLJQLÀ-
cant differences in gains in learning associated 
ZLWKPRUHWUDGLWLRQDOOHDUQLQJDFWLYLWLHV6LJQLÀ-
cance was found for reading a textbook, F
 pDQGIRUVROYLQJSUREOHPVVHWV
F pZLWKRXUSRVWKRFDQDO\-
VLV UHYHDOLQJ WKDW &RXUVH $ ZDV VLJQLÀFDQWO\
KLJKHU WKDQ &RXUVH % RQ WKHVH PHDVXUHV p
  2XU $129$ DQDO\VLV DOVR UHYHDOHG D
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Question Content
Course A Course B Course C Total
06' 06' 06' 06'
Listen to lectures  3.76(1.16)  
Read a textbook *    2.31(1.30)
:RUNRQSUREOHPVHWV 2.94(1.39)  2.00(1.00) 2.24(1.33)
Take tests in class ** 3.12(1.27)   2.73(1.30)
'LVFXVVUHDGLQJPDWHULDOVLQFODVV 3.47(1.37) 2.96(1.43)  
0DLQWDLQODEQRWHERRN   3.00(1.29) 
A scripted lab or project in which the students know the 
H[SHFWHGRXWFRPH 1.47(1.07)   
$ODERUSURMHFWLQZKLFKRQO\WKHLQVWUXFWRUNQRZVWKHRXWFRPH   1.92(1.19) 1.60(.93)
$ODERUSURMHFWZKHUHQRRQHNQRZVWKHRXWFRPH 2.41(1.37) 4.12(1.20) 3.62(1.33) 3.47(1.46)
At least one project that is assigned and structured by the 
instructor
  3.00(1.41) 
$SURMHFWLQZKLFKVWXGHQWVKDYHVRPHLQSXWLQWRWKHUHVHDUFK
SURFHVVDQGRUZKDWLVEHLQJVWXGLHG  3.72(1.17)  3.42(1.40)
A project entirely of student design **  2.16(1.43)  
Work individually 2.76(1.20) 2.44(1.12) 2.69(1.03) 2.60(1.12)
Work as a whole class    2.44(1.36)
:RUNLQVPDOOJURXSV 3.24(1.09)   
%HFRPHUHVSRQVLEOHIRUDSDUWRIWKHSURMHFW  4.20(1.19)  
5HDGSULPDU\VFLHQWLÀFOLWHUDWXUH 2.94(1.20)  2.92(1.19) 
Write a research proposal 1.47(1.07) 1.72(1.10)  1.73(1.16)
Collect data *  4.36(.91)  4.09(1.02)
Analyze data    
3UHVHQWUHVXOWVRUDOO\  3.60(1.32)  
3UHVHQWUHVXOWVLQZULWWHQSDSHUVRUSRVWHUV 2.29(1.40) 4.44(.77)  
Critique the work of other students.  2.96(1.40)  
$129$6LJSS
Table 4.  Measures of Perceived Gains in Learning that Took Place
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VLJQLÀFDQW GLIIHUHQFH IRU WDNLQJ WHVWV LQ FODVV
F    p   7KH SRVW KRF DQDO\-
VLV UHYHDOHG&RXUVH$KDGVLJQLÀFDQWO\KLJKHU
JDLQV LQ OHDUQLQJ IURPDOO WKHVHDFWLYLWLHV WKDQ
Course C (p7KHVHGLIIHUHQFHVLQJDLQV
PD\EHDWWULEXWHGWRWKHOHYHORILQTXLU\VWUXFWXUH
of the research integrated into the courses, and 
WKHGLIIHUHQWLDWHGHPSKDVLVRQ FODVVURRPDQG
research activities between the three courses. 
6.1.4 Overall Impressions. 
 7KHÀQDOUDQNLQJLWHPVRQRXUVXUYH\ZHUH
XVHG WR PHDVXUH RYHUDOO LPSUHVVLRQV RI WKH
H[SHULHQFHXVLQJDÀYHSRLQW/LNHUWVFDOHZLWK
´µUHSUHVHQWLQJ´6WURQJO\'LVDJUHHµRU´1HJD-
WLYH([SHULHQFHµDQGµµUHSUHVHQWLQJ´6WURQJO\
$JUHHµRU´3RVLWLYH([SHULHQFHµVHH7DEOH
Students were very positive in their responses 
WRWKHLWHPVXJJHVWLQJWKLVLVDJRRGZD\WROHDUQ
science (M SD WKHLWHPUHJDUG-
ing asking questions and getting help (M 
SD DQGWKHLWHPFRUUHODWLQJWKHH[SHUL-
ence with a positive effect on their interest in 
science (M SD 7KHRXWFRPHVRI
WKHVHLWHPVVXJJHVWWKDWVWXGHQWVKDGSRVLWLYH
affective and cognitive learning experiences. 
7KHKLJKPHDQ VFRUH IRU YLHZLQJ FRXUVHLQWH-
grated UR experiences as a good way to learn 
VFLHQFH LV UHÁHFWLYH RI ERWK SRVLWLYH FRJQLWLYH
DQGDIIHFWLYHRXWFRPHV7KHLQFUHDVHGLQWHUHVW
in science and interaction with getting help are 
LQGLFDWRUV RI LQFUHDVHV LQ DIIHFWLYH PHDVXUHV
related to their UR experience. 
 :HFRQGXFWHGDQ$129$XVLQJWKHFRXUVH
DV WKH IDFWRU DQG WKH QLQH LWHPV DV WKH GH-
pendent variables. The courses were found 
WR YDU\ RQ RQO\ RQH RI WKHVH PHDVXUHV VHH
7DEOH  7KH /HYHO  LQTXLU\ &RXUVH & VWX-
GHQWV ZHUH PRUH SRVLWLYH DERXW ZRUNLQJ ZLWK
other students, F    p   WKDQ
both the Course A and Course B students. 
7KLVPD\UHÁHFW WKH OHYHORIUHVSRQVLELOLW\DQG
independence of students engaged in course-
integrated UR experiences that are structured 
DWWKHKLJKHVWOHYHORILQTXLU\,WPD\KDYHDOVR
EHHQ LQÁXHQFHGE\ WKHVWXG\DEURDGVWUXFWXUH
of Course C in which students enrolled in this 
single biology course, thereby reducing the 
VFRSHRIGD\WRGD\FRPPLWPHQWVW\SLFDOO\DV-
VRFLDWHGZLWKD UHJXODUVHPHVWHUFRXUVH ORDG
Additionally, studying abroad itself can greatly 
LPSDFWVWXGHQWLQGHSHQGHQFHWKLVFRXOGQRWEH
VHSDUDWHG IURP VWXGHQWV· SHUFHSWLRQ RI JDLQV
based on the research experience. 
6.2 Qualitative Data
2XU DQDO\VLV FRQWLQXHG ZLWK DQ H[DPLQD-
tion of written responses by the students to the 
TXHVWLRQDVNLQJ WKHPIRUDGGLWLRQDOFRPPHQWV
regarding their course-integrated research ex-
perience. We coded the responses according 
to indicators of affective perceptions and under-
VWDQGLQJRIVFLHQWLÀFUHVHDUFK7HUPVVXFKDV
´HQMR\HGµ ´GLVOLNHGµ ´IXQµ DQG ´ERULQJµ ZHUH
Question Content
Course A Course B Course C Total
06' 06' 06' 06'
   
*RRGZD\RIOHDUQLQJDERXWWKHSURFHVVRIVFLHQWLÀFUHVHDUFK 4.71(.47) 4.72(.61) 4.77(.44) 
+DGDSRVLWLYHHIIHFWRQP\LQWHUHVWLQVFLHQFH    
Able to ask questions in this class and get helpful responses  4.72(.61)  4.71(.63)
Evaluate your current feelings about your experience **   4.62(.77) 4.04(1.22)
Your experience with other students 2.47(1.74)   3.27(1.62)
Would you choose to have another research experience as an 
undergraduate
   3.62(1.10)
** p
*RRGZD\WROHDUQVXEMHFWPDWWHU
Table 5.  Measures of Overall Impressions
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XVHGDV FRGHV IRUDIIHFW7HUPVVXFKDV ´XQ-
GHUVWDQGLQJµ ´OHDUQHGµ ´WKLQNLQJµ DQG ´NQRZ
PRUHµZHUHXVHG WR FRGH IRU FRJQLWLYHXQGHU-
standing.
 2I WKHSDUWLFLSDQWV SURYLGHGDZULW-
ten response, and of those responding approxi-
PDWHO\SURYLGHGDQDIIHFWLYHQDUUDWLYHDQG
DERXW  UHVSRQGHG ZLWK FRPPHQWV WKDW
could be coded as having cognitive content. 
0RVWRIWKHDIIHFWLYHFRPPHQWVZHUHVLPLODUWR
WKLVUHVSRQVHIURPDVWXGHQWLQ&RXUVH$
“I really enjoyed my semester and am glad I 
took the course.”
0DQ\UHVSRQVHV IURPWKHVWXGHQWVHQUROOHG LQ
WKHWKUHHFRXUVHVFRPPXQLFDWHGKRZWKH\HQ-
joyed the courses (affective perceptions) and 
OHDUQHG PRUH DERXW VFLHQFH FRJQLWLYH LQÁX-
HQFHVVXEPLWWLQJSDVVDJHVVLPLODUWRWKLVSDU-
WLFLSDQWIURP&RXUVH%
“I really enjoyed the research in this class 
especially in terms of working with other stu-
dents. [The faculty] made the experience en-
joyable and pushed us to think scientiﬁcally 
- so happy I was able to take this course!!” 
$SDUWLFLSDQWIURP&RXUVH$ZURWH
“I really enjoyed [the faculty’s] research but, 
actually, the entire class was wonderful. I 
still tell other students/friends/parents that 
I probably have never learned more from a 
single class. It was very pivotal for me in how 
I look and feel about science. Thanks!” 
,WLVDSSDUHQWWKDWUHJDUGOHVVRIWKHOHYHORILQ-
quiry, the course-integrated research projects 
affect how the undergraduates viewed science 
both as a career and as an intellectual endeavor. 
The consistency within several of the affective 
SHUFHSWLRQVDQGFRJQLWLYHLQÁXHQFHVDPRQJWKH
three courses suggests that regardless of the 
levels of inquiry, students had positive feelings 
about their research experiences and perceived 
WKHH[SHULHQFHVDVEHQHÀFLDOWRWKHLUOHDUQLQJ
7KHUHZHUHVRPHGHWHFWDEOHGLIIHUHQFHVLQWKH
UHVSRQVHV E\ WKH SDUWLFLSDQWV ZLWKPRUH WKDQ
RQH UHVSRQVH IURPD&RXUVH&VWXGHQW UHIHU-
ULQJ WR WKH VFLHQWLÀF PHWKRG 7KLV &RXUVH &
SDUWLFLSDQWZURWH
“I really liked how we got to choose our own 
research project for this course. It is unfortu-
nate that the class is so short and we could 
not do a more in depth study. But it serves 
as a very good baseline to get an idea of 
how to design your own research and un-
derstand what needs to go into it for it to be-
come successful. I think anyone who does 
this class and has a good understanding of 
the scientiﬁc method will gain a lot from this 
class even though the research is not too 
complex.”
 $OWKRXJK VRPH VWXGHQWV IURP &RXUVHV $
DQG % GLG FRPPHQW RQ OHDUQLQJ PRUH DERXW
VFLHQFHQRQHRI WKHPSURYLGHGDQ\UHIHUHQFH
WR´WKHVFLHQWLÀFPHWKRGµ7KLVPD\UHÁHFW WKH
Level 3 inquiry structure of the research by 
Course C students which required high levels of 
HQJDJHPHQWDQGUHVSRQVLELOLW\DQGLQWXUQOHDG
WRGHHSHUWKLQNLQJDERXWVFLHQWLÀFUHVHDUFK
 7KH RQO\ QHJDWLYH FRPPHQWV VKDUHG E\
VWXGHQWVIURPDOOFRXUVHVZHUHUHODWHGWRZRUN-
LQJLQJURXSV7KLVFRPPHQWIURPDVWXGHQWLQ
&RXUVH % W\SLÀHG WKH SHUFHSWLRQV VKDUHG E\
VHYHUDORWKHUV
“I learned that working with groups will not 
help me to learn more about the research. 
I [would]rather work [by] myself at my own 
pace.”
,W DSSHDUHG WKDW WKH SDUWLFLSDWLQJ VWXGHQWV
struggled with task distribution and sharing re-
sponsibility for the research projects with their 
SHHUV<HW WKHVHZHUH WKHRQO\QHJDWLYHFRP-
PHQWV VKDUHG LQGLFDWLQJ WKDW JURXS G\QDPLFV
PD\QHHGDWWHQWLRQDWDOOOHYHOVRILQTXLU\ZKHQ
LQWHJUDWLQJ D UHVHDUFK FRPSRQHQW LQWR DQ XQ-
dergraduate course. 
7. Discussion
Consistent with results of previous research, 
SDUWLFLSDQWVIURPDOOWKUHHRIRXUVWXG\FRXUVHV
UHSRUWHG FRJQLWLYH DQG DIIHFWLYH EHQHÀWV IURP
their UR experience (Hunter, Laursen, & Sey-
PRXU/RSDWWR7URVVHW/R-
SDWWR	(OJLQ7KURXJKDQH[DPLQDWLRQ
RI SDUWLFLSDQWV· UHVSRQVHV WR RXU DVVHVVPHQW
LQVWUXPHQW ZH IRXQG WKDW DOO XQGHUJUDGX-
ate course-integrated UR experiences had 
EHQHÀFLDO DIIHFWLYH DQG FRJQLWLYH RXWFRPHV
As a group, participants expressed gains in 
perceived knowledge and interest in science, 
ZKLFKVXSSRUWVWKHQRWLRQWKDWVWXGHQWVEHQHÀW
IURP HQJDJHPHQW LQ FRXUVHLQWHJUDWHG XQGHU-
JUDGXDWH UHVHDUFK H[SHULHQFHV )XUWKHU RXU
HYLGHQFH VXSSRUWV D FULWLFDO H[DPLQDWLRQ RI
the goals of the traditional lab experience and 
ZKHWKHUWKRVHJRDOVFDQEHPHWZLWKDFWLYLWLHV
WKDWDUHPRUHFRQVLVWHQWZLWKDXWKHQWLF VFLHQ-
WLÀFUHVHDUFKVLWXDWLRQV7KLVRXWFRPHSURYLGHV
MXVWLÀFDWLRQ WR UHH[DPLQH WKH VWUXFWXUH RI WKH
XQGHUJUDGXDWH VFLHQFH FXUULFXOXP DQG JLYH
additional consideration to course-integrated 
research activities to enhance undergraduate 
science education. 
Also, consistent with other research, we 
found that course-integrated research experi-
HQFHV FDQ KDYH PDQ\ RI WKH VDPH EHQHÀWV
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and gains as one-to-one experiences (Trosset, 
/RSDWWR	(OJLQ7KHVWXGHQWVFRPPXQL-
FDWHGSRVLWLYHDIIHFWLYHRXWFRPHVWKH\HQMR\HG
the experience and would do it again. The stu-
GHQWV DOVR FRPPXQLFDWHG EHQHÀFLDO FRJQLWLYH
RXWFRPHV LQGLFDWLQJ WKDW WKH\ OHDUQHG PRUH
DERXW VFLHQFH 7KLV VXSSRUWV RXU ÀUVW K\SRWK-
esis in which we anticipated all students would 
view the processes as worthwhile and voice ap-
preciation for the experience. However, our re-
VHDUFKDOVRLQGLFDWHVWKDWPHDVXUHGRXWFRPHV
IURP UHVHDUFK H[SHULHQFHV GLIIHUHG EDVHG RQ
the level of inquiry structure. Students engaging 
LQ WKH/HYHO LQTXLU\VWUXFWXUH UHVHDUFKFRP-
PXQLFDWHGKLJKHUOHYHOVRIFRQÀGHQFHLQGRLQJ
UHVHDUFKZKLFKPD\EHGXH WR WKHLU UHVHDUFK
experience or their entire study abroad experi-
HQFH+RZHYHUWKLVRXWFRPHZDVLQFRQVLVWHQW
ZLWKRXUK\SRWKHVLVDQGVXJJHVWVWKDWVWXGHQWV·
DIIHFWLYHRXWFRPHVPD\EHUHODWHGWRWKHVWUXF-
WXUH RI WKHLU H[SHULHQFH 6WXGHQWV· GLIIHUHQWLDO
DIIHFWLYHRXWFRPHVEDVHGRQWKHLUH[SHULHQFHV
SURYLGHGWKHDQVZHUWRRXUÀUVWUHVHDUFKTXHV-
tion. The variation in responses indicated that 
there is a relationship between the level of in-
quiry structure of the research experience and 
WKHVWXGHQWV·IHHOLQJVDQGDWWLWXGHVWRZDUGWKHLU
85H[SHULHQFH+RZHYHUWKHODFNRIDVLJQLÀ-
FDQWGLIIHUHQFHEHWZHHQWKHFRQÀGHQFHOHYHOVRI
the Course B and Course C students suggests 
WKDWWKHUHPD\EHDWKUHVKROGRIHIIHFWUHODWHGWR
LQTXLU\ OHYHOVVXFK WKDWDIIHFWLYHRXWFRPHV IRU
/HYHODUHFRPSDUDEOHWRWKRVHRI/HYHO7KH
GHWHUPLQDWLRQRIWKHVSHFLÀFLPSDFWVRILQTXLU\
OHYHOVRI85H[SHULHQFHVRQVWXGHQWFRQÀGHQFH
DQGRWKHUUHODWHGRXWFRPHV LVDQH[FHOOHQWGL-
rection for future research.
 2XUUHVXOWVVXSSRUWRXUVHFRQGK\SRWKHVLV
that students engaging in research experiences 
that require high levels of independence and re-
VSRQVLELOLW\OHDUQPRUHDERXWVFLHQWLÀFUHVHDUFK
The Course C participants who were engaged 
in research experiences with a Level 3 inquiry 
structure expressed greater gains in knowledge 
RIVFLHQFHUHVHDUFKLQVFLHQWLÀFPHWKRGVDQG
FRQÀGHQFH LQ WKHLU UHVHDUFK DELOLWLHV )XUWKHU
Course C students expressed gains in research 
activities at levels higher than their peers in 
Courses A and B, who engaged in research 
DFWLYLWLHVVWUXFWXUHGDWORZHUOHYHOVRILQTXLU\,W
is interesting to note that even though Course 
B and Course C did not differ in the propor-
tion of students with prior research experience 
S!&RXUVH& KDGPDQ\PRUH VLJQLÀFDQW
gains than Course B. This suggests that prior 
H[SHULHQFHPD\QRWEHFULWLFDO WRH[SHULHQFLQJ
VLJQLÀFDQW JDLQV LQ /HYHO  LQTXLU\ DFWLYLWLHV
7KLV RXWFRPH FKDOOHQJHV WKH QRWLRQ WKDW QRY-
LFH OHDUQHUV PD\ QRW JDLQ DV PXFK IURP IXOO
LQTXLU\DFWLYLWLHVDVWKH\PD\IURPPRUHVWUXF-
tured inquiry experiences (Settlage, 2007). The 
GLIIHUHQWLDO FRJQLWLYH RXWFRPHV EDVHG RQ WKHLU
experiences provided the answer to our second 
UHVHDUFK TXHVWLRQ ,W DSSHDUV WKHUH LV D UHOD-
tionship between the structure of the research 
DQGVWXGHQWV·SHUFHLYHGOHDUQLQJUHODWHGWRWKHLU
H[SHULHQFHV+RZHYHU WKHUHPD\EHQXDQFHG
differences in perception of learning if the UR 
H[SHULHQFHV OHYHOV RI LQTXLU\ DUH SUR[LPDO DV
with Course B and Course C.
The UR experience structured at Level 3 
inquiry (Course C) resulted in greater positive 
LQÁXHQFHV RQ VWXGHQW SHUFHSWLRQV DQG XQGHU-
VWDQGLQJRIVFLHQFHDVZHOODVWKHLUFRQÀGHQFH
DQGDWWLWXGHVDERXWVFLHQFH7KLVPD\EHDWWULE-
uted to the Level 3 inquiry structured research 
experience which required high levels of stu-
dent independence and responsibility for doing 
research. Course C was a study abroad pro-
JUDPZKLFKLVDUJXDEO\FRVWO\DQGUHVRXUFHLQ-
tensive. However, courses could be structured 
WR LQWHJUDWH85H[SHULHQFHVDWWKHVDPHOHYHO
RILQTXLU\DQGLQYHVWLJDWHWKHORFDOHQYLURQPHQW
ZKLFKZRXOGPDLQWDLQWKHVDPHEDVLFVWUXFWXUH
EXWVXEVWDQWLDOO\UHGXFHWKHFRVW:HPDLQWDLQ
it is the levels of student responsibility for the 
UHVHDUFKOHYHORILQTXLU\WKDWZDVWKHSULPDU\
LQÁXHQFHRQWKHSDUWLFLSDQWV·SHUFHSWLRQVRIWKH
EHQHÀWV RI WKH FRXUVH RQ WKHLU XQGHUVWDQGLQJ
DQGDWWLWXGHVWRZDUGUHVHDUFK7KLVKDVLPSRU-
WDQWLPSOLFDWLRQVIRUWKHGHVLJQDQGLPSOHPHQ-
tation of course-integrated UR experiences. 
<HWWKHGLVWLQFWLRQEHWZHHQWKHEHQHÀWVRI WKH
LQTXLU\VWUXFWXUHRI&RXUVH%DQG&RXUVH&PD\
not be clearly delineated, indicating that there 
PD\EHDWKUHVKROGLQJDLQLQUHODWLRQWROHYHORI
inquiry.
Even though our results support the notion 
WKDW DOO EHQHÀWHG IURP WKH FRXUVHLQWHJUDWHG
UHVHDUFKH[SHULHQFHZHGHWHFWHGPXOWLSOHRXW-
FRPHVLQZKLFKWKHJDLQVIURPH[SHULHQFHVDQG
LQ OHDUQLQJ RI VFLHQWLÀF UHVHDUFK ZHUH VLJQLÀ-
cantly greater for research experiences struc-
tured at higher levels of inquiry. Conversely, the 
participants who engaged in course-integrated 
research structured at lower levels of inquiry 
FRPPXQLFDWHG VLJQLÀFDQWO\ KLJKHU JDLQV IURP
WUDGLWLRQDO FODVVURRP H[SHULHQFHV DQG LPSRU-
tance for course activities for learning (e.g., 
reading textbooks, testing), that are not typi-
FDOO\ DVVRFLDWHG ZLWK VFLHQWLÀF UHVHDUFK 7KLV
suggests the students engaging in research 
activities structured at lower levels of inquiry 
PD\EHPRUHSURQHWRYLHZLQJWKHH[SHULHQFH
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as consistent with typical course exercises and 
not unique opportunities for learning science. 
Likewise, the students enrolled in the courses 
with UR experiences structured at higher lev-
HOVRI LQTXLU\PD\QRWYLHZWUDGLWLRQDO OHDUQLQJ
processes as salient to the objectives of the 
FRXUVH 7KLV RXWFRPH LV PRVW OLNHO\ UHÁHFWLYH
RI WKH GLIIHUHQWLDO HPSKDVLV RQ LQVWUXFWLRQDO
activities and resources between the courses 
DQG WKHVXEVHTXHQW LPSRUWDQFHDQG LQÁXHQFH
placed on the processes on in relation to stu-
GHQW OHDUQLQJ 2XU GDWD VKRZV WKDW FRXUVH
integrated UR experiences that are structured 
to increase learner levels of responsibilities and 
independence provide students with a different 
perspective of the activity, resulting in different 
FRJQLWLYHDQGDIIHFWLYHRXWFRPHV
 7KH UHVXOWV RI RXU VWXG\ PXVW EH FRQVLG-
ered in the context in which the investigation of 
the undergraduate course-integrated research 
experiences took place. There were two dif-
ferent instructors for the three courses, each 
with unique teaching styles, teaching different 
course content, and attending to different cur-
ULFXODU REMHFWLYHV ,W LV LPSRUWDQW WR QRWH WKDW
higher proportions of prior research experi-
ences of Course B and Course C participants 
FRPSDUHGWR&RXUVH$PD\EHXVHGWRH[SODLQ
VRPH RI WKH GLIIHUHQFHV LQ WKH PHDVXUHV RI
cognitive and affective gains between these 
JURXSV +RZHYHU WKH QXPHURXVPHDVXUHV LQ
ZKLFK&RXUVH%RXWFRPHVGLIIHUHGIURP&RXUVH
& DOVR LQGLFDWHV WKH LQÁXHQFH RI SULRU H[SHUL-
HQFHLVPRVWOLNHO\VXSHUVHGHGE\WKHVWUXFWXUH
of the course-integrated UR experience. The 
LQÁXHQFH RI SULRU H[SHULHQFH RQ WKH RXWFRPH
PHDVXUHVRIFRXUVHLQWHJUDWHG85H[SHULHQFHV
is an excellent topic for future studies. 
The courses included in this study were not 
GHVLJQHGWREHWDNHQLQDVHTXHQFHFRPPHQ-
surate with the UR levels of inquiry. Although it 
was possible for a student to take these cours-
es in this sequence, it was highly unlikely that 
this occurred. However, this does bring up an 
LQWHUHVWLQJLVVXHUHJDUGLQJWKHSRWHQWLDOEHQHÀW
of sequencing courses that integrate UR experi-
HQFHWRVFDIIROGWKHOHYHOVRILQTXLU\IURPJXLGHG
WRLQGHSHQGHQW2XUHYLGHQFHGRHVLQGLFDWHH[-
SHULHQFHLVDQLPSRUWDQWIDFWRULQÁXHQFLQJVWX-
dent perceptions of their course-integrated UR 
experiences, and scaffolding holds the potential 
for preparing students to experience success 
with increasingly independent research. This is 
also an excellent direction for future research.
 2YHUDOO LW DSSHDUV WKDW VWXGHQWV EHQHÀW
IURPFRXUVHLQWHJUDWHGUHVHDUFKDFWLYLWLHVZLWK
WKHJUHDWHVWRXWFRPHVSHUFHLYHGE\WKRVHZKR
engaged in experiences structured at higher 
OHYHOVRILQTXLU\&RXUVHV%DQG&)XUWKHUWKH
overall positive gains in affective and cogni-
WLYHPHDVXUHVVXSSRUWVWKHRIIHULQJRIFRXUVH
integrated research experiences in place of, 
or in addition to, one-to-one UR experiences. 
Course-integrated experiences provide a prac-
tical solution to constrained budgets and the 
OLPLWHGDYDLODELOLW\RIRSSRUWXQLWLHVZKLFKUHVWULFW
WKHQXPEHURIXQGHUJUDGXDWHVWXGHQWVZKRDUH
DEOHWRHQJDJHRQHWRRQHVFLHQWLÀFLQYHVWLJD-
tions.
 2XU UHVXOWVKDYH LPSRUWDQW LPSOLFDWLRQV IRU
instructors considering the integration of course 
EDVHG UHVHDUFK )LUVW LW DSSHDUV WKDW FRXUVH
integrated UR experiences are acceptable al-
ternatives to the traditional one-to-one pairing. 
6HFRQG RXU GDWD VXJJHVWV WKHUH DUH EHQHÀWV
to increasing the level of student responsibility 
DQGHQJDJHPHQWLQ85H[SHULHQFHV7KLUGWKH
RXWFRPHVRIFRXUVHLQWHJUDWHG85H[SHULHQFHV
LQFOXGHSHUFHLYHGJDLQV LQDIIHFWLYHPHDVXUHV
VXFKDVDWWLWXGHVDQGJRDOVDQGFRJQLWLYHPHD-
VXUHVVXFKDVNQRZOHGJHDQGVNLOOV,WLVDSSDU-
ent that course-integrated UR experiences can 
achieve the desired goals of helping students 
gain clarity in selecting careers in science and 
EHFRPH DFFOLPDWHG WR WKH FXOWXUH RI VFLHQWLÀF
UHVHDUFK7KHFKDOOHQJHOLHVLQGHWHUPLQLQJWKH
RSWLPDOFRQÀJXUDWLRQRI LQTXLU\ LQ85WRPD[L-
PL]HVWXGHQWOHDUQLQJDQGDSSUHFLDWLRQIRUVFL-
ence and research.
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Appendix
Figure 2: Distribution of participants’ responses to the question “If you were doing a research experience in a class 
                 in the future, which would you prefer?”
Figure 3: Distribution of participants’ responses to the question “If you were doing a research experience in a class 
                in the future, which would you prefer?”
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